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1078–5Purpose. The purpose of this report is to present mid-term results of infrainguinal revascularizations using either the high-
est genicular artery or medial sural artery as the distal anastomosis site.
Material and methods. Between 1996 and 2005, a total of 59 bypass procedures to perigeniculate collateral arteries were
performed in 57 patients (14 women, 43 men) with a mean age of 74. Fifty five patients presented with critical ischemia
(tissue loss in 28 and rest pain in 27). Four patients presented with intermittent claudication. Mean ankle brachial index
was 0.48. The distal anastomosis site was the highest genicular artery in 18 patients, medial sural artery in 37 cases, high-
est genicular and/or medial sural artery and/or tibial artery in sequential fashion in four cases. The proximal anastomosis
was to the common femoral artery in 26 cases and superficial femoral artery in 33.
Results. There were two deaths during the immediate postoperative period. Mean follow-up duration was 35 months
(range 1e108 months). One patient was lost to follow-up. Six patients required major amputation. At 3 years, primary
patency was 65 7%, secondary patency was 70 7%, limb salvage and survival rate were 90 4% and 64 7%
respectively.
Conclusion. Bypass to perigeniculate collateral arteries provides acceptable patency and limb salvage rates.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Revascularization is the primary management option
for critical limb ischemia. Continuous research to
improve limb salvage results has resulted in a wide
array of techniques including distal arteriovenous fis-
tulae,1 sequential bypass,2 autologous arterial graft-
ing3 and percutaneous revascularization. In 1998 we
reported a pilot study on lower limb revascularization
by bypass to the perigeniculate collateral arteries.4
These arteries, which can provide highly effective col-
laterals, are often healthy and sometimes have a large
diameter. Based on these features, we felt that the
perigeniculate collateral arteries were suitable sites
for a distal anastomosis during bypass grafting. Based
on our pilot study, we have continued to use this tech-
nique. The purpose of this retrospective study is to
present mid-term results of a new series of patients
in whom bypass to the perigeniculate collateral ar-
teries was carried out.sponding author. J. P. Favre, MD, Cardiovascular surgery,
oˆpital Nord, 42055 Saint Etienne, Cedex, France.
address: j.pierre.favre@chu-st-etienne.fr
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Study population
Between June 1996 and August 2005, a total of 57
patients underwent 59 revascularizations (two bilat-
eral) using bypass to a perigeniculate collateral artery
at the University Hospital Center in Saint Etienne,
France. During this period, 1671 infrainguinal revas-
cularization were carried out (1042 bypasses and 629
endoluminal procedures). Bypasses to perigeniculate
artery represented 3.5% of all distal revasculariza-
tions. There were 43 men (75.4%) and 14 women with
a mean age of 73.6 9.6 years (range 35e86 years).
Comorbid factors included renal impairment in seven
patients (two requiring dialysis), diabetes in 24
(42.1%) and arterial hypertension in 46 (80.7%). Risk
factors included smoking in 34 patients (59.6%),
obesity in 17 (29.8%), and coronary artery disease
in 16 (28.0%; 6 who had previously had coronary
bypass). Ten patients (17.5%) had undergone a previ-
ous carotid endarterectomy. Thirteen patients (22.8%)
were undergoing anticoagulation therapy with
warfarin.
The indication for revascularization was critical
ischemia in 55 of the 59 limbs (93.2%). Tissue lossr Surgery. Published by Elsevier Ltd. All rights reserved.
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(45.7%). In the remaining 4 limbs the indication for re-
vascularization was severely debilitating intermittent
claudication with a walking distance less than 50 me-
ters. Ten patients (18%) had already undergone ipsi-
lateral revascularization, i.e., femoropopliteal bypass
in five, femorodistal bypass in one and infrainguinal
angioplasty in four.
Preoperative investigations included hemodynamic
assessment and arteriography in all cases. Mean ankle-
brachial index (ABI) was 0.48 0.14 in the entire
population and 0.59 0.17 and 0.38 0.11 in diabetic
and non diabetic patients respectively. Selective
lower limb angiography demonstrated perigeniculate
collaterals vessels which where connected with tibial
and/or peroneal arteries. One infrapopliteal artery
was visible in 42 cases, two arteries in 10 cases and
three in 4 cases. We did not find a patent tibial artery
in 3 cases. An average of 1.25 patent tibial arteries
were identified on pre operative arteriography. A
plantar arch was observed in 36 cases (61.0%). Popli-
teal aneurysms were found in six patients.
The distal anastomosis site of the 59 bypasses was
the highest genicular artery (arteria genu suprema)
in 18 patients (30.5%), the medial sural artery to the
gastrocnemius (arteria suralis) in 37 (62.7%), and the
highest genicular and medial sural artery in sequential
fashion in two. In the remaining two cases bypass was
made in a sequential fashion to the medial sural artery
and either the peroneal artery (n¼ 1) or the anterior
tibial artery (n¼ 1). Proximal anastomosis was made
to the common femoral artery in 26 cases (44.0%)
and the superficial femoral artery in 33 (56.0%). The
graft conduit was the long saphenous vein in 51 cases
(86.4%), an arm vein in 3, a radial artery in 3 and
a composite graft (PTFE/long saphenous vein) in 2.
Associated revascularization procedures included aor-
tofemoral bypass in one case, axillo-femoral bypass in
one and carotid endarterectomy in one. Contralateral
leg amputation and ipsilateral toe amputation were
carried out during the same procedure in one and
three cases respectively.Technique
All procedures were performed under general anes-
thesia. Before clamping, intraoperative heparinization
was performed at a dose of 50 U/Kg in association
with injection of 100 mg of aspirin. Exposure was
achieved as for the upper popliteal artery along the
superior edge of the sartorius muscle and extended
downwards below the knee joint midline. After inci-
sion through the subcutaneous fat layer, the upperEur J Vasc Endovasc Surg Vol 35, April 2008edge of the sartorius muscle was released down to
the ring of the third adductor.4
The highest genicular artery arises from the superfi-
cial femoral artery at the exit of the third adductor.
After opening the aponeurosis, it can be immediately
located and a one to two centimeters segment can be
mobilized. The self-retaining wound retractor should
be placed at an adequate distance from the sartorius
muscle to avoid injuring the artery.4 Application of
papaverine to the operative field is recommended to
avoid vessel spasm.
The medial sural artery arises from the posterior wall
of the popliteal artery at the knee joint. To facilitate
identification of the medial sural artery, the knee
should be placed in 45 flexion. To locate the artery,
the popliteal artery should be dissected along its pas-
sage through the upper part of the popliteal fossa to
the point of intersection with the internal gemellus
muscle.4
A malleable valve-type retractor should be used to
retain the tendon and origin of the muscle while pull-
ing the popliteal artery upward with a tape so as to
expose the origin of the sural artery. The highest gen-
icular artery and medial sural artery should have a
non atheromatous appearance with a larger diameter
than the other perigeniculate collateral arteries, i.e.,
between 2 and 2.5 mm. Once the vessels have been
located and their condition has been deemed satisfac-
tory, the greater saphenous vein can be harvested.
The recommended configuration for anastomosis
between the vein graft and medial sural artery is end-
to-side (Fig. 1). Anastomosis should be performed us-
ing 8/0 monofilament suture over a distance of about
1 cm with the assistance of magnifying glasses.
Attachment of the graft to the adventitia of the adja-
cent popliteal artery using 7/0 monofilament is useful
to avoid twisting or kinking of the anastomosis dur-
ing knee movement.
End-to-end anastomosis is a feasible alternative
after dividing the medial sural artery at its origin.
However there is a greater risk of kinking at or near
the anastomosis during knee movement and attach-
ment of the graft to the popliteal artery is mandatory.
Another anastomosis technique consists of per-
forming patch angioplasty after splitting the popliteal
artery and dividing it on either side of the medial
sural artery (Fig. 2) However since the ostium of the
sural artery is often narrowed it may be necessary to
perform endarterectomy of the whole patch. This
can be delicate due to the risk of creating an intimal
flap at the level of the sural artery.
Regardless of the technique used, the patency of
the anastomosis was always tested by perfusion of
saline containing papaverine injected at a pressure
Fig. 1. Bypass to the medial sural artery: distal end to side anastomosis (elective technique).
475Bypass to the Perigeniculate Collateral Arteriesof 100 mmHg so as to induce vasodilatation in the
collateral network. In the next phase of the procedure
the vein graft was tunneled up and anastomosed to
the proximal site chosen based on preoperative
arteriography. Prior to closure angiography was
performed.Fig. 2. Bypass to the highest genicular artery: distal end to en
(Risk for intimal flap).Postoperative treatment consisted of calcium
heparin injection in association with aspirin for 8
days followed by antiplatelet therapy alone (aspirin
or Clopidogrel) except in patients with cardiac condi-
tions requiring warfarin.d anastomosis technique after splitting the popliteal artery
Eur J Vasc Endovasc Surg Vol 35, April 2008
Table 1. Causes of late death
Late death n¼ 26 (47.3%) Number %
Acute pulmonary edema 7 26.9
Stroke 5 19.2
Myocardial infarction 3 11.5
Cancer 3 11.5
Dementia 2 7.7
Chronic renal failure 1 3.8
476 B. de Latour et al.Follow-up included a duplex-scan at 3 and 6
months after operation and yearly thereafter. The pa-
tient’s status at the end of the study period was deter-
mined by contacting the referring physician by phone
or mail. If follow-up status had not been updated
within the last six months, the patient was asked to
come in for a duplex-scan assessment.Respiratory insufficiency 1 3.8
Mesenteric infarction 1 3.8
Unknown 3 11.5Statistical analysis
Results are presented as means with standard devia-
tion. Patency and patient survival were calculated ac-
cording to the Kaplan Meier method (SPSS software).
Statistical significance was defined as p< 0.05. The
log-rank test was used to compare curves.
As mentioned in the introduction, the decision to
continue use of bypass to perigeniculate collateral
arteries was based on the promising results of a pilot
series. However data from the pilot study are not
included in the present study which concerns new
patients.Table 2. Risk factors influencing mid term survival
Status Log-rank
Alive Deceased
Nb % Nb % P*
Sex Female 7 50.0 7 50.0 NS (0.8)
Male 21 50.0 21 50.0
Diabetes No 16 50.0 16 50.0 NS (0.6)
Yes 12 50.0 12 50.0
Obesity 0 22 55.0 18 45.0 NS (0.9)
1 6 37.5 10 62.5
Smoking 0 12 54.5 10 45.5 NS (0.9)
1 16 47.1 18 52.9
Chronic renal
failure
0 27 51.9 25 48.1 NS (0.9)
1 1 25.0 3 75.0
Cholesterol 0 9 31.0 20 69.0 NS (0.07)
1 19 70.4 8 29.6
Arterial
hypertension
0 6 66.7 3 33.3 P[ 0.05
1 21 45.7 25 54.3
Dialysis 0 28 51.9 26 48.1 NS (0.2)
1 0 0.0 2 100.0
Polyvascular
disease
0 18 66.7 9 33.3 NS (0.1)
1 10 34.5 19 65.5Results
Two patients died during the postoperative period
(2/57¼ 3.5%). One death was due to stroke on the
fourth day after the procedure and the other was
due to severe pneumonia on the 30th day. Early post-
operative morbidity was observed in 5 patients (9.1%)
including haematoma requiring surgical revision
(n¼ 3), myocardial infarction (n¼ 1) and pulmonary
embolism (n¼ 1). Early graft thrombosis (i.e. within
30 days) was observed in two cases including one
that was successfully treated by distal bypass and
one that required amputation of the lower leg. The
cause of graft failure was poor distal runoff from the
perigeniculate collateral artery used. One patient re-
quired re-operation for removal of a persistent valve
in the vein graft on day 28 after the procedure.
Mean follow-up was 34.8 months (range 1e108
months). One patient was lost to follow-up. Twenty-
six patients (47.3%) died during late follow-up
(mean duration 34.8 months). As shown in Table 1,
the most frequent cause of late death was cardiac
and neurovascular events. The only factor shown to
be significantly correlated with survival was arterial
hypertension (Table 2). The three-year patient survival
rate was 63.9 6.9%.
The mean ABI at 3 months after the procedure was
0.75 0.25 for the entire population. In patients who
did not have diabetes the ABI improved from
a mean of 0.38 to 0.63. During follow-up a total of 27
events directly involving the bypass were observed.Eur J Vasc Endovasc Surg Vol 35, April 2008In 8 cases (14.0%) duplex-scan revealed disease pro-
gression or stenosis due to intimal hyperplasia. The
mean delay for these developments was 8.5 months
after the procedure. Treatment consisted of angio-
plasty in 6 cases and repeat bypass in two. Angio-
plasty was successful in two cases and failed in four.
The four failures resulted in graft thrombosis in three
cases and repeat bypass in one (femoroperoneal by-
pass that is still patent). In the two patients who un-
derwent bypass, one graft failed with no symptoms
and the other is still patent. In 19 cases (33.3%) graft
failure occurred. In four of these cases repeat bypass
was performed. Outcomes of bypass included suc-
cessful recovery in two cases, amputation in one and
delayed healing in one. In the remaining cases repeat
bypass was not performed. In 9 of these cases healing
had already been achieved before graft failure. Four
patients required major amputation. Two patients
had non-healing distal ulceration but did not require
amputation. Primary, primary assisted and secondary
patency rates at three years were 64.7 6.9%, 66.2
6.9% and 69.9 7.0% (Fig. 3) respectively. Patency
Fig. 3. Actuarial primary patency curve.
Fig. 4. Actuarial limb salvage curve.
477Bypass to the Perigeniculate Collateral Arterieswas not significantly correlated with any of the factors
tested (Table 3). In 5 patients in this cohort, critical is-
chemia was associated with a thrombosed popliteal
aneurysm (n¼ 6). In this subgroup, all bypasses re-
mained patent and clinical outcome was favorable.
Major amputation was required in a total of 6
patients (10.1%) within a mean delay of 10.2 months
after the procedure. Amputation was performed be-
low the knee in 3 cases and above the knee in 3.
Two patients requiring amputation had patent by-
passes. The limb salvage rate was 90.2% at 3 years
(Fig. 4). The only factor significantly correlated with
limb salvage rate was diabetes (Table 4).Discussion
The perigeniculate collateral arteries present several
advantages as distal anastomosis sites for lower
limb bypass grafts. Firstly grafts to these arteries can
commonly be shorter measuring between 25 and 35
centimeters in length. Short conduit length not onlyTable 3. Factors influencing primary patency
Status Log-rank
Patent Thrombosed
Nb % Nb % p*
Type of
artery
Highest
genicular
24 64.9 13 35.1 NS (0.9)
Medial sural 13 68.4 5 26.3
Bypass
length
Short< 30 cm 22 68.8 10 31.3 NS (0.5)
Long> 30 cm 18 66.7 9 33.3
Plantar
arch
No 14 58.3 10 41.7 NS (0.1)
Yes 26 74.3 9 25.7
No. of
patent leg
arteries
0 1 33.3 2 66.7 NS (0.2)
1 27 64.3 15 35.7
2 8 80.0 2 20.0
3 4 100.0 0 0.0
Diabetes No 22 64.7 12 35.3 NS (0.8)
Yes 18 72.0 7 28.0improves graft quality but also increases circulatory
velocity by reducing flow resistance. These factors
have been correlated with better secondary patency.5
A second advantage is to provide a good quality
recipient artery. Like the internal thoracic artery, peri-
geniculate collateral arteries are muscular vessels that
are usually disease-free. This feature is especially
important in patients with diabetes and renal insuffi-
ciency who often have calcified vessels. A third ad-
vantage of the perigeniculate collateral arteries
involves a mean diameter, i.e., 2e2.5 mm, comparable
to that of lower leg arteries. This means that revascu-
larization can be easily accomplished using magnify-
ing glasses and a 8/0 monofilament suture.
Despite these advantages, perigeniculate collateral
arteries are seldom used as distal anastomosis sites
for infra inguinal bypass.6 Most centers prefer distal
arteries. The reason for this preference is that femoro-
distal bypass achieves more reliable and quicker heal-
ing by optimizing pulsed artery flow. This is a sound
choice that we agree with totally. However the perige-
niculate collateral arteries can offer a good alternative
if they meet all of the following criteria:Table 4. Factors influencing limb salvage
Status Log-rank
Salvage Amputation
Nb % Nb % p*
Type of
artery
Highest
genicular
32 91.4 3 8.6 NS (0.5)
Medial sural 14 87.5 2 12.5
Bypass length Short< 30 cm 10 89.7 3 10.3 NS (0.7)
Long> 30 cm 41 88.5 3 11.5
Plantar arch No 20 83.3 4 16.7 NS (0.3)
Yes 29 93.5 2 6.5
No. of patent
tibial arteries
0 0 0 1 0 NS (0.4)
1 35 87.5 5 12.5
2 8 100.0 0 0.0
3 4 100.0 0 0.0
Diabetes No 31 96.9 1 3.1 P[ 0.03
Yes 18 78.3 5 21.7
Eur J Vasc Endovasc Surg Vol 35, April 2008
Fig. 5. Distribution of surgical vs endoluminal revascularization in our center between 1996 and 2005. Only below common
femoral artery revascularization is considered.
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the distal leg arteries.
2. There is arteriographic visualization of the whole
vessel with no evidence of distal deterioration.
3. There is good distal runoff to one or several lower
leg arteries with satisfactory perfusion of the ische-
mic foot.
If all these criteria are met, outflow can be sufficient
to achieve healing of distal lesions. Evaluation of
distal run-off from the collateral arteries is the most
difficult challenge. This requires accurate angio-
graphic assessment based on high-quality imaging
of the leg and foot arteries. MRA and CTA are not
as efficient as angiography.
Rapid healing in patients with extensive distal
lesions, i.e., who have undergone amputation of sev-
eral toes or transmetatarsal amputation, can only be
achieved if the perigeniculate collateral arteries are
highly developed with good runoff to distal arteries.
If this is not the case, femorodistal bypass should be
performed. When feasible, sequential femorodistal
bypass with intermediate anastomosis to a perigenicu-
late collateral artery is an elegant solution with two
advantages. The first is to reduce flow resistance in
comparison with single long graft placement. The sec-
ond is to promote perfusion of the upper part of the
leg so as to reduce the risk of suspended ischemia.
In our opinion thrombosed popliteal artery aneurysm
constitutes a good indication for bypass to the perige-
niculate collateral arteries. In these patients the ge-
mellus arteries are often intact and revascularization
often leads to resolution of the critical ischemia with-
out intervention on the diseased leg arteries.Eur J Vasc Endovasc Surg Vol 35, April 2008Results in the present series were better than those
that we have reported using prostheses7 and homo-
grafts.8 The primary patency and limb salvage rates
at 3 years were 64.7% and 90.2%.However the reported
results of leg revascularization are comparable with
data from several series.9e11 Results obtained using
armveins appear to be less satisfactory.12 Themain lim-
itations of this study are its retrospective nonrandom-
ized design and the small population examined.
Over the 9-year study period, bypass to the peri-
geniculate collateral arteries was not our preferred
approach. It accounted for only 59 limb salvage pro-
cedures, i.e., 3 to 11 per year as compared to 97 to
139 per year for femorodistal and/or femoropopliteal
bypass and 65 to 130 endoluminal revascularizations
(Fig. 5). The main reason preventing more extensive
use was failure to meet all three criteria defined
above. Nevertheless we consider revascularization
of the perigeniculate collateral arteries as an integral
component of our therapeutic arsenal alongside dis-
tal bypass and angioplasty.
Based on our experience we conclude that perigeni-
culate collateral arteries are a valid but underused
alternative distal anastomosis site for management
of critical lower limb ischemia. They are often of
sufficient diameter and generally disease-free. Our re-
sults encourage us to continue using this technique in
properly selected patients.References
1 DUCASSE E, CHEVALIER J, CHEVIER E, FORZY G, SPEZIALE F, SBARIGIA E
et al. Patency and limb salvage after distal prosthetic bypass
479Bypass to the Perigeniculate Collateral Arteriesassociated with vein cuff and arteriovenous fistula. Eur J Vasc
Endovasc Surg 2004 Apr;27:417e422.
2 FAVRE JP, GOURNIER JP, MARCY M, CEUPENS S, BARRAL X. Sequential
by-pass for limb salvage. J Cardiovasc Surg (Torino) 1994;35:
101e108.
3 TREIMAN GS, LAWRENCE PF, ROCKWELL WB. Autogenous arterial
bypass grafts: durable patency and limb salvage in patients
with inframalleolar occlusive disease and end-stage renal dis-
ease. J Vasc Surg 2000;32:13e22.
4 BARRAL X, SALARI GR, TOURARKISSIAN B, FAVRE JP, GOURNIER JP,
RENY P. Bypass to the perigeniculate collateral vessels. A useful
technique for limb salvage: preliminary report on 20 patients.
J Vasc Surg 1998;27:928e935.
5 SHAH DM, DARLING III RC, CHANG BB, BOCK DE, LEATHER RP.
Durability of short bypass to infra genicular arteries. Eur J Vasc
Endovasc Surg 1995;40:440e444.
6 BROCHADO NETO FC, GONZALEZ J, CINELLI Jr M, ALBERS M. Bypass to
the genicular arteries for revascularisation of the lower limb. Eur
J Vasc Endovasc Surg 2000;20:545e549.
7 BARRAL X, YOUVARLAKIS P, BOISSIER C. Infrageniculate thin-walled
PTFE bypass : preliminary study of 53 cases. Ann Vasc Surg
1986;1:243e245.8 GOURNIER JP, FAVRE JP, GAY JL, BARRAL X. Cryopreserved arterial
allografts for limb salvage in the absence of suitable saphenous
vein: two-year results in 20 cases. Ann Vasc Surg 1995;9:
S7eS14.
9 ALBERTINI JN, BARRAL X, BRANCHEREAU A, FAVRE JP, GUIDICELLI H,
MAGNE JL et al. Long-term results of arterial allograft below-knee
bypass grafts for limb salvage: a retrospective multicenter study.
J Vasc Surg 2000;31:426e435.
10 BERGLUND J, BJORCK M, ELFSTROM J. SWEDVASC Femoro-popliteal
Study Group. Long-term results of above knee femoro-popliteal
bypass depend on indication for surgery and graft-material. Eur
J Vasc Endovasc Surg 2005;29:412e418.
11 DEVINE C, MCCOLLUM C. Heparin-bonded Dacron or polytetra-
fluorethylene for femoropopliteal bypass: five-year results of
a prospective randomized multicenter clinical trial. J Vasc Surg
2004;40:924e931.
12 HARWARD TR, COE D, FLYNN TC, SEEGER JM. The use of arm vein
conduits during infrageniculate arterial bypass. J Vasc Surg
1992;16:420e427.
Accepted 12 November 2007
Available online 15 January 2008Eur J Vasc Endovasc Surg Vol 35, April 2008
